Background: New-generation antiepileptic drugs (AEDs) tend to replace traditional AEDs as the first-line choice for epilepsy. However, whether this change results in better outcome, especially in China, remains unknown.
Introduction
Epilepsy is one of the most common neurological disorders, affecting approximately 50 million people worldwide [1] . Medications are still the most important therapeutic choice for seizure control. In clinical practice, the time of appearance of valproate is a label that physicians called valproate and the AEDs entering the market before valproate as traditional AEDs, and the AEDs being licensed after valproate as new-generational ones. Over the past 20 years, a number of new-generation antiepileptic drugs (AEDs) have been registered around the world. Compared with the traditional AEDs, the new-generation AEDs have pharmacokinetic and tolerability advantages and demonstrate less potential risk for teratogenicity [2, 3] . It becomes a trend that newgeneration AEDs will replace traditional AEDs as the first-line choice for epilepsy. However, studies have shown discrepancies with respect to the persistence of the new-generation AEDs [4] [5] [6] . For example, a recent double-blind, randomised trial evaluated the efficacy, drug safety, and neuropsychological effects of the two oldest AEDs (ethosuximide and valproate) and one of the newest generation AEDs (lamotrigine) on childhood absence epilepsy and demonstrated that the older drugs were more effective than the new drug [7] . In different guidelines, which AEDs, the newgeneration or the traditional ones, should be recommended as the first-line choice has been unsettled [2, 8] .
International League Against Epilepsy (ILEA) proposed that choice of optimal AED for epilepsy should be based on randomized controlled trials (RCTs). Although RCTs could provide less biased results [3] , the inherent limitations include excessively strict criteria for inclusion and exclusion, fixed titration schedules and relatively short periods of follow-up, thus limiting their daily clinical applications. Alternatively, an observational study may provide more pragmatic information [9, 10] . Indeed, much of our clinical and public health knowledge was from observational investigations [11] .
In recent years, about ten new-generation AEDs have been registered in China, and the prescriptions of new drugs are rapidly increasing. Since previous studies have not provided a clear answer as to which generations of AED should be the first choice [12, 13] , clinicians in China have gradually been in a habit of starting with the new-generation AEDs rather than the traditional AEDs. However, whether these new AEDs give rise to a better outcome remains unclear. Therefore, large scale, multi-centre, cohort studies have been carried out to compare the persistence of the two most frequently used AEDs, the traditional drug of sustained-release formulation of valproate (SRVPA) and the newgeneration drug of topiramate, with the aim to give clinicians useful information to answer the question: is the new AEDs truly better than the traditional ones for Chinese epileptic patients?
Methods

Patients
This study was undertaken in one chartered city and four provinces of China: Chongqing City, Guangdong Province, Sichuan Province, Zhejiang Province and Henan Province. Based on the data of the sixth national census of population from National Bureau of statistics of China, the sample area covered a total population of 362 017 960 people. The beginning date of this census was 1st November, 2010, and the reporting date was 29th April, 2011. Recruitment of this study occurred from August 2000 to March 2010. The last follow-up visit was between March and July 2011. This study was approved by the Ethics Committee of Chongqing Medical University. All patients or their guardians provided written informed consent.
Patients with a definite diagnosis of epilepsy, treated with SRVPA or topiramate as monotherapy, between 2 to 75 years old, were enrolled in this study. The exclusion criteria included the following: epileptic syndromes; only acute symptomatic or nonepileptic seizures; a history of psychiatric or mood disorders; clinically significant laboratory abnormalities, including abnormal liver function, abnormal haematological system function, abnormal kidney function, abnormal endocrine system function, or heart disease; and clinician or the patient feeling that the treatment was contraindicated.
Procedures
The information recorded during the first visit included patient demographics, information about previous antiepileptic treatment, history of febrile seizures, birth traumas, epilepsy in first-degree family members, and neurological diseases (e.g., stroke, head injury, cortical development disorder, or intracerebral infection). A general physical examination and a neurological examination were performed. Laboratory examinations were carried out. Electrocardiogram (ECG) examinations were also performed, if necessary. Surface electroencephalography was performed on each patient to detect significant changes that might contribute to diagnosis. Computed tomography, magnetic resonance imaging and additional examinations, such as thyroid hormones, autoantibodies, and rheoencephalography, were carried out if clinically needed. Clinicians were asked to classify the types of epilepsy, epileptic syndromes, and types of seizures according to the criteria of the ILAE [14, 15] .
For the patients with a definite diagnosis of epilepsy, physicians prescribed them the AED which they could afford. And only the patients treated by the SRVPA or topiramate were enrolled in this study. The guidelines for the initial drug dose and titration were provided as follows. In children and adolescents (ages 2-16), the initial dosage of SRVPA was 10-15 mg/kg/day, with weekly increments of 5-10 mg/kg/day, and the target dosage was 20-30 mg/kg/day; the initial dosage of topiramate was 0.5-1 mg/kg/ day, with weekly increments of 0.5-1 mg/kg/day, and the target dosage was 5-9 mg/kg/day. In adults, the starting dosage of topiramate was 25 mg per night, with a weekly increment of 25 mg/day, and the target dosage was 100-250 mg/day; the initial dosage of SRVPA was 500 mg/day, with a weekly increment of 250 mg/day, and the target dosage was 1000-2000 mg/day. In general, medications were given with small initial doses, and the doses were slowly increased until the seizures were under control. Efficacy and adverse events were balanced in the adjustment of the AED dosages.
The patients were asked to return for subsequent reviews at the second week, the first month, the third month, the sixth month and at successive half-year intervals from the date of initial medication. If clinical attention was necessary, more visits were scheduled between the regularly scheduled appointments. To control recall bias, each patient treated at our centres was asked to keep a medical diary with information on seizure onset, combinations with other drugs, adverse events, and hospital admissions. To control the loss of follow-up bias in the case of patients who did not appear for regular visits, follow-up data were obtained through telephone interviews or with structured questionnaire letters by mail. A patient who was lost of contact for more than one year was defined as a follow-up loss.
The primary outcome of this study was time to treatment failure (in addition to other AEDs due to lack of efficacy; discontinuation of SRVPA or topiramate due to lack of efficacy [LE] , intolerable adverse events [IAEs] , lack of efficacy combined with intolerable adverse events [LE & IAEs], poor compliance, patients' financial hardship, or a plan of pregnancy). A patient with poor compliance was defined as having discontinued SRVPA or topiramate treatment by his or her own volition. Secondary clinical outcomes were the time to first seizure, the time from SRVAP or topiramate treatment to achieve 12-month remission of seizures (patients without any type of seizure for at least 12 months), the time to 24-month remission of seizures and the drug tolerability. The incidence of clinically important adverse events (AEs) and the incidence of IAEs directly leading to treatment failure were analysed to investigate the outcome of drug tolerability.
Sample size calculations were based on the primary outcome. It was assumed that the treatment failure for SRVPA and topiramate were 25% and 35% after one year, respectively [16, 17] . In this study, SRVPA was considered as an active comparator, there needed 415 patients for each group to achieve 90% power (b = 0.1) at a 0.05 significance level to detect an equivalence hazard ratio of 1.35, assuming a dropout rate of 20% for both groups during the whole study.
Statistical analysis
The baseline characteristics of the two groups were compared using Chi-square tests and Fisher's exact tests, except the data represented as mean 6 standard deviation (SD) which were analysed by using student's t-test. For the analysis of the primary and secondary outcomes, intention-to-treat (ITT) analysis was performed ( Figure 1 ). The ITT population was defined as the population of all patients enrolled in this study. To roll out bias caused by the patients who were lost to follow-up, a per-protocol analysis was carried out to analyze the primary outcome. The PP population was defined as the population the in ITT analysis, excluding patients who were lost to follow-up before achieving the primary outcome. Kaplan-Meier estimates were used to describe the distribution of probability of non-treatment failure, probability of non-first seizure, probability of 12-month remission, and probability of 24-month remission. The log-rank tests were used to compare survival curves. The causes for censoring in KaplanMeier analysis were defined as follows: 1) for outcome of treatment failure: patients who were lost to follow-up, patients who died but whose death had no association with AED treatment and patients who were still receiving AED treatment at the end of this study; 2) for outcome of first seizure: patients who were lost to follow-up before their first seizures were observed, patients who died but whose death had no association with AED treatment, patients whose first seizures were not observed during this study, and patients whose first seizures had still not been observed by the time they suffered treatment failure; 3) for outcome of 12-month remission: patients who were lost to follow-up before they achieved 12-month remission, patients who died but whose death had no association with AED treatment, patients who did not succeed in achieving 12-month remission during this study, and patients who had still not achieved 12-month remission by the time they suffered treatment failure; 4) for outcome of 24-month remission: patients who were lost to follow-up before they achieved 24-month remission, patients who died but whose death had no association with AED treatment, patient who did not succeed in achieving 24-month remission during this study, and patients who had still not achieved 24-month remission by the time they suffered treatment failure. The censoring population was regarded as having no clinical outcome observed. Cox proportional hazard models (95% confidence interval) were used to analyse the relative risks expressed as hazard ratios (HR). In the final model, potential confounders (sex, age, type of epilepsy, seizure duration, number of previous AEDs and seizures at baseline) would be adjusted. Age was divided into three subgroups (2-16, .16 to 49, and .49 to 75). Seizure duration was defined as the difference between the age at the first seizure and the age at enrolment in this study and was divided into five subgroups (#1 month, .1 month to 12 months, .12 months to 5 years, .5 years to 10 years, and .10 years). The number of previous AEDs was divided into four subgroups (no AEDs, one AED, two AEDs, and $three AEDs). Seizures at baseline denoted the number of seizures one month before the patients' participation in this study and were divided into four subgroups (no seizures, one seizure, two to three seizures, and $four seizures). Cox proportional hazard models that incorporated tests for interactions were used for all prespecified subgroup analyses. Tolerability was assessed in the ITT population. To compare the reasons leading to treatment failure between SRVPA and topiramate, Chi-square tests and Fisher's exact tests were used. All of the statistical analyses were performed with SPSS v. 13.0 software for Windows, using two-sided tests with a significance level of 0.05.
Results
Patient population
A total of 1008 patients were enrolled in this study (Figure 1 ). The study population had a mean age of 35.2615.8 years for participation, with a majority being male (57.6%) with cryptogenic epilepsy (58.2%). A total of 210 patients were lost to follow-up before treatment failures were observed, of whom 100 (19.3%) were in the SRVPA group and 110 (22.5%) were in the topiramate group (p = 0.21). These patients were excluded from PP analysis for primary outcome. The patients in SRVPA group were younger than the patients in topiramate group (p,0.001). Also, their ages at first seizures were younger than the patients' in topiramate group (p,0.001). In contrast, the duration of follow-up of patients using SRVPA was statistically longer than that of patients using topiramate (p = 0.047). The baseline demographic and clinical characteristics of the patients are displayed in Table 1 .
Primary outcome
In the ITT analysis, a total of 350 treatment failure events were observed over the whole study (Table 2) The reasons for treatment failure in the SRVPA group and topiramate group are shown in Table 3 . Of all treatment failure events in both groups, 236 (67.4%) were associated with inefficiency (both LE and LE & IAEs). Statistically, SRVPA was less likely to cause failures due to LE (16.8% vs. 28.2%) and financial hardship (0.2% vs. 1.6%) than topiramate. For treatment failures due to IAEs, LE & IAEs, and poor compliance, there were no significant differences between the two groups. 101 patients (19.5%) treated with SRVPA and 155 patients (31.7%) treated with topiramate complained about the inconvenience of taking their medication, and there was significant difference between them (p,0.001). During follow-up, three patients made plans for pregnancy, and all of them were in the SRVPA group. Table 4 showed that 50% patients in both groups seem to discontinue medication within 10 months due to LE and IAEs, and discontinue medication within 37 months due to poor compliance. There was no subgroup effect to modify the effect of the medication on the primary outcome. These results indicated the consistency of the AEDs' effects in different subgroups (table 5) .
Secondary outcome
The ITT analysis showed that the time to first seizure was significantly different between the SRVPA group and the topiramate group (log-rank statistic = 19.98, df = 1, p,0.001) (Figure 2 .B). Table 2 showed fewer patients in the SRVPA group experienced a first seizure during the course of this study than in the topiramate group (56.1% vs. 69.3%). Overall, 481 patients (47.7%) achieved a 12-month remission, and 303 patients (30.1%) achieved a 24-month remission. No significant difference was observed between the SRVPA and topiramate groups for time to 12-month remission (log-rank statistic = 0.50, df = 1, p = 0.48) (Figure 2 .C) or time to 24-month remission (log-rank statis-tic = 2.98, df = 1, p = 0.08) (Figure 2 .D) by using Kaplan-Meier analyses. Similar results were confirmed by Cox analyses (Table 2 ).
Safety and tolerability
Overall, 118 patients (22.7%) in the SRVPA group and 122 patients (24.9%) in the topiramate group reported clinically important AEs (Table 6 ). A total of 36 patients (6.9%) in the SRVPA group and 37 patients (7.6%) in the topiramate group demonstrated treatment failure due to IAEs or LE & IAEs, but there was no significant difference between the two groups (p = 0.70). The most common AEs associated with SRVPA treatment included dizziness, gastrointestinal reaction/appetite decrease (including nausea, vomiting or abdominal discomfort), extrapyramidal symptoms and somnolence. The most frequent AEs associated with topiramate included memory problems, limb anaesthesia, dizziness and somnolence. For SRVPA treatment, dizziness, weight gain and menstrual disorders were the most common IAEs leading to treatment failure. For topiramate, dizziness and memory problems were the most common IAEs associated with treatment failure.
Discussion
The major finding of this study is that SRVPA was less likely to be associated with treatment failure than topiramate. No differences were found in terms of tolerability, time to 12-month remission, or time to 24-month remission between the two drugs. However, SRVPA was more suitable for Chinese epileptic patients to prevent first seizure than topiramate. These results do not support the viewpoint of starting with new-generation AEDs rather than traditional AEDs.
The change of prescription habits should be always based on the studies which could translate their findings into everyday use. However, few studies have answered which generation AEDs should be the first choice of initial monotherapy for Chinese epileptic patients. There was only one study have investigated the effectiveness of three AEDs for generalized onset and unclassified Valproate or Topiramate for Epilepsy PLOS ONE | www.plosone.orgseizures in Chinese epileptic children retrospectively [18] . To design a study which could help clinicians judge whether starting with the new-generation drugs rather than traditional AEDs is reasonable, we consider the generalisability of the study results is the most important issue should be thought about carefully. To enhance the generalisability of the study results, firstly we chose SRVPA and topiramate as the drugs investigated, for they are the two most frequently used AEDs in China and they have the similar antiepileptic spectrum. Secondly, the database of this study included epileptic patients from one chartered city and four provinces of China, and the sample area covered a total population of 362 017 960 people. Thirdly, the range of participants was broad: the female and the male, from the children to the elderly, from the newly diagnosed to the refractory, from the patients on acute stage to the patients on the chronic stage were all included. In addition, the Han nationality is the largest among the 56 nationalities in China, occupying over ninety percent of the whole population. Accordingly, the results from our study are helpful to clinicians to establish medication strategy for the patients of Han nationality. The added value of this study may be important. Firstly, although treatment failure is considered as one of the best composite indicators for evaluating the long-term performance of AEDs, and this indicator had been recommended by the International League Against Epilepsy [19] in 1998, data regarding which drug is less likely to be associated with treatment failures on Chinese epileptic patients are relatively lacking. Secondly, the study design allowed clinicians to treat patients based on their routine practices, so that the results could be more applicable. Thirdly, as the epilepsy is a chronic disorder, shortterm design may be difficult in assessing the real long-term persistence of AEDs. To the best of our knowledge, this is the longest study comparing the persistence of the SRVPA and the topiramate on Chinese epileptic patients.
For time to treatment failure, our study showed that the failure rates of topiramate were higher than those of valpriate, which was consistent with the results from the SANAD study (Arm B) [12] . However, a double-blind, randomised trial showed no difference in treatment failure between the two drug groups [13] . In the double-blind trial, the treatment dosage was fixed, and the period of follow-up was much shorter than that in our study, which could have led to the differences in outcome. Interestingly, our study showed that SRVPA was significantly less likely to cause discontinuation of treatment due to LE. This finding was in contrast to what was found by SANAD study, in which valproate and topiramate showed same treatment failure rate as a result of LE. In addition, our study showed that the LE, rather than AE is the most frequently precipitant for the discontinuations of SRVPA and topiramate, which is not consistent with other reports [12, 17, 20] . Compared with those studies, our study employed lower initial dosages and slower titration, and had longer time of follow-up. It has been demonstrated that a lower starting dosage and slower titration contribute to better drug tolerability [21] . It is notable that there was no difference on the median (25th-75th centile) of duration until failure between two groups. Both median of duration until failure were 11 months. From previous studies, we found the same phenomenon that no matter if there were failure rates differences or not, the median of duration until failure of AEDs were almost around 12 months [4, 11, 20] . For the main reasons leading to treatment failure in this study were lack of efficacy, intolerable adverse events, and poor compliance, we have calculated the reasons' median of duration until failure. We found that 50% patients in both groups seem to discontinue medication within 10 months due to lack of efficacy and intolerable adverse events, and discontinue medication within 37 months due to poor compliance. Since the number of patients suffered failure for inefficacy and adverse events was almost seven times as the number of patients discontinued treatment for poor compliance, that the median of duration until failure of both groups was 11 months was rational. Meanwhile, many studies have reported that IAEs often occurred early in treatment, whereas the timing of LE would take place much later [12, 20, 22] . And based on our results, although the median of duration until failure due to IAEs for both drugs was earlier than that due to LE, yet, the 75th centile of duration until failure caused by IAEs was much later than that caused by LE. This finding told us the occurrence of LE was in a relatively short period, while the IAEs could occur in a wide period during medication. Seizure recurrence brings patients a great deal of mental burden. Also, time to seizure remission is one of the indicators to judge medication persistence. Thus, we added time to first seizure and time to 12-or 24-month seizure remission as the secondary outcomes of this study. Our results demonstrated that SRVPA was also better than topiramate in time to first seizure, although no differences were found in time to 12-month or 24-month remission. In addition, our study showed lower IAEs (both IAEs and LE & IAEs) rates than those in previous studies [4, 12, 13, 20] . In this study, 22?7% of patients in the SRVPA group and 24?9% of patients in the topiramate group reported adverse events. 6?9% and 7?6% of the patients in the two groups discontinued medications associated with IAE, respectively. The differences can be partly explained by the different prescription strategies and different population studied [22] . It is also notable that, topiramate rarely induces the haematological system abnormalities reported in previous studies [12, 20, 23, 24] . However, in our study, six patients presented with anaemia, one patient presented with dubious thrombocytopoenia, and one patient presented with granulocytopoenia. Nonetheless, most of the anaemia was very mild and transitory, and only one patient discontinued therapy. Currently, we have not been able to identify the direct relationship between topiramate use and haematological abnormalities.
The target dosages of SRVPA and topiramate were 1000-2000 mg/day and 100-250 mg/day, respectively. To achieve this dosage, the patients needed to take the drugs twice every day.
Indeed, 19.5% of the patients treated with SRVPA and 31.7% of the patients treated with topiramate in our study complained about the inconvenience of taking their medication. Some patients stated that taking drugs twice a day meant doubling the risk of forgetting to take the drugs and doubling the worry that they would be known as epileptic patients by classmates or colleagues. Although there was no difference between the two medications in terms of treatment failure caused by poor compliance, this inconvenience should be noted by clinicians in practice.
Limitations
Cohort studies have been used to examine a variety of outcomes after single exposure and are considered to be the best way to identify potential incidents [25, 26] . However, in an observational cohort study, unrandomised design may increase the risk of an imbalance of demographic characteristics between treatment groups and decrease the internal validity. To compensate for this difference, we used Cox proportional hazard models to adjust for potential confounders and tested the interaction effect between the subgroup indicators and the medications. Our results did not show evidence of interactions between the indicators and treatments. It is also notable that because the study was designed as unblinded, both clinicians and patients knew which treatment was chosen; this knowledge might have resulted in increased informative bias. To decrease the bias that came from the clinicians' preconceived ideas about the efficacy or adverse effects of the AED that was chosen, the clinicians were asked to collect information from laboratory examinations to detect possible adverse events. Meanwhile, patients were asked to keep regular medical diaries, which would help the clinicians to evaluate the primary and secondary outcomes more accurately. Loss of follow-up was an important limitation for interpreting our results. During the long period of follow-up, 19?3% and 22?5% of patients were lost in SRVPA and topiramate groups, respectively. However, no difference was found between the two groups regarding the incidence of loss to follow-up, and both the PP analysis results and the ITT analysis results indicated that SRVPA is better than topiramate for primary outcomes.
Conclusion
The effectiveness of the new-generational drug of topiramate is not superior to that of SRVPA. The SRVPA, one of the oldest broad-spectrum AEDs, by virtue of its lower long-term treatment failure rates and favourable efficacy profile in preventing occurrence of first seizures after medication, is still the optimal choice for Chinese patients with epilepsy. Lack of efficacy, rather than adverse events, was the most frequent reason for treatment failure, and the inconvenience of drug taking resulted in poor compliance, which was another important reason for treatment failure. In clinical practice, lower starting dosages and slower titration of AEDs will contribute to drug tolerability.
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